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Abstract 
Batch melt-growth processing of YBa2Cu3Oy levitation disks cold seeded by Sm-123 single crystals doped by MgO is 
described. The process capable of a simultaneous fabrication of up to 64 pieces has been developed and successfully 
tested as a necessary step towards a planned production capacity of several thousand pieces a year. Diameters of the 
levitation disks varied from 14 mm to 56 mm. Main attention was paid to levitation disks of  28 mm in diameter. This 
dimension occurs to be the best compromise from various points of view: the material homogeneity, pellet quality, 
production loss, processing time etc. Properties of the disks, such as levitation force, critical current density at 
different temperatures, trapped magnetic field, etc. are shown and discussed. 
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1. Introduction 
Melt-powder-melt-growth process [1] has become a routine technique to produce bulk 
superconductors of high critical current densities. Can Superconductors have acquired rich experience in 
fabrication of YBa2Cu3Oy levitation disks in the range of diameters from 14 mm to 56 mm and other 
shapes of levitation bulk. During time it became clear that for a number of fabrication and utilization 
aspects the most favorable diameter of levitation disks lies around 3 cm. Such disks require only uniaxial 
pressing instead of isostatic one, the production time is shorter, and the processing is accompanied by 
lower production losses. Although the trapped magnetic field, associated with the levitation capability, 
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should be theoretically proportional to the disk diameter, in practice one finds the effective levitation 
pressure of middle-sized disks higher than that of large ones. Thus, to reach a given levitation area and 
force it is often more advantageous to combine a number of smaller levitation elements instead of using 
one or a few large ones. Therefore, further work is focused on the levitation disks with a diameter of 28 
mm.  
For a successful introduction of bulk high-Tc superconductors to the market, it is of highest importance 
to (i) reduce the final production costs and (ii) to scale up from laboratory conditions to mass production. 
The necessary step in this direction is batch processing of the samples. In the present paper we report on 
preparation and physical properties of batch processed YBa2Cu3Oy levitation disks of 28 mm diameter.  
2. Experimental 
Pure powders of Y2O3, CuO, BaCO3 and CeO2 were thoroughly mixed in a summary formula of 
Y1.9Ce0.015Ba2.4Cu3.4Oy and calcined several times at temperature of 890°C with an intermediate 
homogenization. After addition of 0.7 wt.% Sm2O3, the powder was pulverized and uniaxial pressed by 
50 MPa into 32 mm cylinders. Subsequently the samples were cold top seeded and melt processed in air. 
The process resulted in single grains of 28 mm in diameter, see Fig.1. 
 
 
Fig.1. The batch-processed 28 mm in diameter YBCO disk prepared by cold seeding with Sm-123 single crystal doped by MgO.  
SmBa2Cu3Oy (Sm-123) crystals doped by 4 wt.% MgO, prepared according to [2], were used as seeds. 
Doping of the Sm-123 crystals by MgO leads to increase of the melting temperature from 1055°C 
(maximum melting temperature of pure Sm-123 crystals) to 1060°C. The use of such generic MgO doped 
seeding crystals results in a better utilization percentage.  
The process then continued by a slow cooling (at the rate of 50 K/h) to a temperature close under the 
peritectic one (about 1000°C) and growth of the crystals carried out at a constant temperature with the 
growth rate of about 0.2 mm/h. Afterwards the crystals were cooled (50 K/h) to room temperature. 
Finally, the top and bottom surfaces of the YBCO disks were cut to obtain cylinders of 28 mm in 
diameter, 10 mm high, which were then oxidized at 430°C for 200 hours in flowing oxygen.  
Five batches of YBCO levitation disks were prepared. Four batches were processed in a smaller 
commercial cylindrical furnace of 30 l volume. Maximum number of 28 mm levitation disks processed in 
this furnace was 16. From each batch, one sample was taken for tests. These samples were marked A, B, 
C and D. The last batch of samples was prepared in a bigger furnace, which allowed preparation of 64 
YBCO levitation disks of 28 mm diameter in one run. The sample from this bath was marked E. The 
bigger furnace had a hexagonal working space and 115 l volume. Six heating desks were controlled by 
master-and-slave method. The furnace is seen in Fig. 2 (left); Fig. 2 (right) shows the batch of 64 YBCO 
levitation disks at the end of the processing.  
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Fig.2. (left) The hexagonal furnace of 115 l volume fro batch processing of up to 64 disks of 28 mm diameter; (right) The batch of 
64 Y-123 disks of 28 mm in diameter at the end of processing. 
 
The levitation force of zero-field-cooled samples was measured at 77.3 K with NdFeB permanent 
magnet of 20 mm diameter, 20 mm height and 0.5 T field at the magnet surface.  
Measurement of trapped magnetic flux (TF) was carried out at 77.3 K on the samples magnetized by 
magnetic field of 2 T. Due to finite dimensions of the Hall probe set-up used for the TF measurement, the 
measurement was done 1.2 mm above the disk surface.  
Critical current densities were determined magnetically, using a vibrating sample magnetometer to 9 
Tesla, a part of the PPMS (Quantum Design). Magnetic hysteresis loops (MHLs) were measured on small 
rectangular samples cut from the pellets in their a-axis growth sectors, one sample close to the seed and 
another one at the pellet perimeter. Critical current density was calculated using the extended Beam 
formula [3] )]3/1(/[2 2 abdaMJ c , where M is height of the MHL and a, b, c are sample 
dimensions, b a, c is the sample thickness. In all cases the sample dimensions were around a   b  c  
1.5  1.5  0.4 mm3.  
3. Experimental results and discussion 
The distribution of the magnetic flux at 77.3 K of the five test samples is shown in Figs. 3. It is evident 
that all the samples were single-domain with maximum trapped flux exceeding 0.5 T. The best sample A 
exhibited maximum of 0.64 T (1.2 mm above the surface). Although only one disk of each batch was 
measured, on the basis of visually equal quality of all disks in the batch (Fig. 2 right) we conclude that the 
trapped field will be in all disks similar.  
Fig. 4 shows the dependence of the maximum trapped field on the distance from the top and bottom 
surfaces. From extrapolation of the dependence for the top surface, it is possible to estimate trapped 
magnetic flux of about 0.7 T for 1 mm distance and more than 0.8 T for 0.5 mm distance. As the disk re-
crystallization stopped at the level 2 mm above the bottom surface and the critical current density near the 
interface between the single-crystalline grain and the solid melt is worse than inside the superconductor 
grain, the trapped magnetic flux at the bottom side of the disk is lower. It can be also interpreted like the 
measurement distance at the pellet bottom was by about 2 mm larger than the nominal one. 
The zero-field-cooled levitation force as a function of the distance between the superconductor and the 
magnet is shown in Fig. 5. All the samples exhibited nearly the same dependence of levitation force on 
the distance, with the common value of 84 N at 1 mm distance. 
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Fig.3. Trapped magnetic field at 77.3 K of the samples A to E. The maximum trapped fields were 0.64 T, 0.51 T, 0.54 T, 0.5 T and 
0.53 T, respectively.  
 
Fig. 4. Dependence of the maximum trapped magnetic field on the distance from the top and bottom surfaces of sample A 
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Fig. 5. The zero-field-cooled levitation force of the samples A-E measured at various distances between superconductor and magnet. 
Figs. 6 (a, b) present the magnetically determined critical current densities of the test samples cut from 
the disk A. The shape of the Jc(B) dependences significantly differs, indicating a different oxygenation of 
the dist in the center and the edge. While at the pellet center oxygen vacancies led to the secondary peak 
rise, the nearly complete oxygenation at the disk edge caused practical disappearance of the second peak 
and the irreversibility field rise. The self-field Jc values were quite good and similar in both samples; 
Jc=127 and 107 kA/cm2 at 70 K, Jc=90 and 72 kA/cm2 at 77.3 K, Jc=43 and 35 kA/cm2 at 84 K, 
respectively, and at 90 K still non-zero values in both samples, showing that the effective critical 
temperature was above 90 K. 
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Fig. 6. Critical current densities measured on two test samples cut from the pellet A, one cut at the disk centre (a), and the other at 
the disk edge (b). Although the shape of the Jc(B) dependences considerably differs, the self-field Jc values are similar,  Jc=127 and 
107 kA/cm2 at 70 K, Jc=90 and 72 kA/cm2 at 77.3 K, Jc=43 and 35 kA/cm2 at 84 K, at 90 K Jc was still non-zero in both samples. 
Figs. 7 (a, b) show the critical current densities of the test samples cut from the disk C. Both the shape 
of the Jc(B) dependences and the critical current densities differed in this case. In the sample from the 
pellet center again a secondary peak appeared, due to oxygen vacancies. In the sample from the disk edge 
the nearly complete oxygenation led to practical disappearance of the second peak and the irreversibility 
field rise. The self-field Jc values were very good in the sample from the disk edge, while in the other 
sample Jc was only moderate: Jc=78 and 135 kA/cm2 at 70 K, Jc=51 and 93 kA/cm2 at 77.3 K, Jc=26 and 
50 kA/cm2 at 84 K, respectively, and at 90 K still non-zero values in both samples, showing that the 
effective critical temperature was above 90 K. The trapped field data indicate that the inhomogeneity in 
the electromagnetic properties over the pellet is not critical. On the other hand, the significant fluctuation 
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in critical current density implies that a further improvement can be received by the oxygenation process 
optimization. 
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Fig. 7. Critical current densities measured on two test samples cut from the pellet C, one cut at the disk center (a), the other at the 
disk edge (b). Both the shape of the Jc(B) dependences and the Jc values considerably differed, Jc=78 and 135 kA/cm2 at 70 K, Jc=51 
and 93 kA/cm2 at 77.3 K, Jc=26 and 50 kA/cm2 at 84 K, at 90 K Jc was still non-zero in both samples. 
4. Summary 
We report on the development and successful tests of a melt-powder-melt-growth process capable of a 
simultaneous fabrication of up to 64 pieces of YBaCuO levitation disks, a necessary step towards the 
planned production capacity of several thousand pieces a year. The trapped magnetic field measured at 77 
K on the disks arbitrarily chosen from different batches was in all cases higher than 0.5 T; the best sample 
showed 0.64 T. Levitation force at 77 K at the distance of 1 mm between the sample and the magnet 
reached in all samples the same value of 80 N. The self-field critical current density at 77 K exhibited 
values between 50 and 90 kA/cm2 at the disk center and 70 –  95 kA/cm2 at the disk edge. All these tests 
proved that the batch fabrication technology is ready for its exploitation in mass production of quality 
bulk superconducting magnets. While the 77 K self-field parameters reached a high standard, for use at 
higher magnetic fields (1 T and higher) the oxygenation process of YBaCuO samples needs to be 
optimized or presently developed Gd-123 samples should be used. 
Acknowledgements 
The work of CAN SUPERCONDUCTORS s.r.o. was partly funded by the grant no. FI-IM5-113 of the 
Ministry of Industry and Trade of the Czech Republic. Some of the co-authors (MJ and MR) 
acknowledge support of the grant No. ME 10069 of the Ministry of Education, Youth and Sports of the 
Czech Republic. 
References 
[1] Murakami M., Oyama T., Fujimoto H., Taguchi T., Gotoh S., Shiorama Y et al.: Large levitation force due to flux pinning in 
YBCO superconductors fabricated by melt-powder-melt-growth process, Jpn. J. Appl. Phys. 29 (1990) L1991 
[2] Shi Y., Hari Babu N., Cardwell D A.: Development of a generic seed crystal for the fabrication of large grain (RE)-Ba-Cu-O 
bulk superconductors, Supercond. Sci. Technol. 18 (2005) L13–L16 
[3]  Chen DX. and Goldfarb RB., Kim model for magnetization of type-II superconductors, J. Appl. Phys. 66 (1989) 2489 
 
